Shannon / Nyquist sampling theorem indicates that during the sampling process the minimum sample rate must be more than the double of the band of the signal so that we can achieve images without distortion. High-frequency sampling leads to mass data and results in high cost of storage and transmission procedure. Compressed sensing indicates that we can sample data at far below the Nyquist frequency when the signals are sparse or can be represented as sparse on some orthogonal basis, and the signals can be recovered without distortion after some certain recovery algorithms. By this means the cost of storage and transmission can be reduced significantly. Unlike conventional optical imaging process, this paper presents a new imaging method using a Fourier transform lens system, which enables single-exposure and single-aperture compressed imaging. First, the Fourier transformation of image signals is accomplished after they pass through a Fourier transform optical system. Second, sparse sample data can be obtained after the spectrum signals pass the sensor array. The process mentioned above can be interpreted as that using a Fourier matrix and a sparse matrix to complete the measurement of the image signals. Third, we make use of fast iterative threshold recovery algorithm to compute the sampling values and obtain the target image signals. Compared with the conventional imaging methods, in the case of ensuring the image quality, our method can significantly reduce the number of samples, thus greatly reduce the data redundancy. Simulation results indicate that the imaging method proposed can be prospective.
INTRODUCTION
With the development of digitization, sensing and processing systems becomes more and more robust, flexible and cheaper. This success has made large amounts of sample data possible. In many applications accuracy and credibility of information asks for high resolution images. But the resulting Nyquist rate is so high and we end up with far too many samples. Mass data results in high storage and transmission cost. Imaging system is composed of conventional lens system, the corresponding charge couple device(CCD) or complementary metal oxide semiconductor (CMOS) detector array and other devices. Sometimes it is physically impossible to build detectors small enough and large enough to acquire samples at the necessary rate so that we can achieve high resolution images. So how to get images with Single-pixel camera is the first physical imaging device that making use of compressed sensing theory [5] , and its physical map is shown as figure 1.1. g(x,y) -
image can be obtained by using just one detector and fewer measurements, so it does save costs in a certain aspect. But the device is too complicated and it takes too much time to get an image, so its practicality is limited.
Processing arrays of Nyquist-limited observations to produce a thin electro-optic sensor (PANOPTES) also applies compressed sensing theory to practice [6] . Its physical map is shown in figure 1.2 . Different from single-pixel camera, it use multi-aperture to complete imaging. So it is difficult operate and the quality of images is hard to guarantee.
FOURIER TRANSFORM OPTICAL SYSTEM
Fourier transform has been introduced into optical information processing for a long time. Fourier optics makes use of Fourier analysis method of communication theory, through which information can be processed in both time-space domain and frequency domain. Optical engineers can analyze optical images using distribution and change of frequency spectrum along with other space optical information. Fourier transform has provided a powerful math tool for optical spectrum analysis and optical information processing [7] .
With optical information processing being greatly developed and applied, Fourier transform optical lens has begun to draw more and more attention. Fourier transform lens shows instead of the image but the spectrum information of the object on the focal plane [8] . The first three-dimensional image with both amplitude and phase information of the object was taken by American physicists in 1948.
Telephoto Fourier transform lenses and anti-telephoto lenses shown in the Figure 2 .1 are the most common Fourier transform lenses [9] . Those lenses can meet corresponding transformation requirements well and the space size is small, but the structure is complicated. Some simpler structures have come up after that and Fourier transform design theory has also been developed. In this paper, we choose Fourier basis as sparse basis Ψ, and Fourier transform of signals can be accomplished by using Fourier transform lenses. We simulate a Fourier transform optical system through which the frequency spectrum of objects can be obtained in this paper. The diagram of the system is shown in figure 2.2. 
SIMULATION RESULTS
We simulate the Fourier transform optical system and corresponding detector array to complete the imaging process by using Matlab. We choose matrices composed of 0 and 1 to be the measurement matrix Φ. Because of quality of Fourier transform matrix Ψ, Φ·Ψ can be considered to meet RIP requirement with high probability. We assume all the images are already digital signals. We take "Cameraman" as the sample to complete the simulation. The original image size is 256 256. We sample the frequency spectrum of the image after it passes through the Fourier transform optical system. Because low frequency information decides outline of object, so when we are sampling in frequency domain we concentrate on low frequency sampling. We conduct tests at different sampling rates. The imaging simulation results are shown in Reconstructed image with sample rate of 30%. From the results we can see that we can see that with quite low sampling rate, quality of images can be guaranteed.
And small rise of sampling rate can lead to great improvement of the image quality.
CONCLUSION
This paper proposes a new imaging method using Fourier transform optical system rather than conventional optical lens. By using this method, in the case of ensuring image quality we can reduce sample frequency greatly. Unlike single-pixel camera device, all the measurements can be obtained by only one exposure. Because we make use of optical device to complete Fourier transform of signals, so the computing speed and accuracy can be guaranteed. The data-storage burden is also eased. But limited by the technology, Fourier transform optical system is still underdeveloped.
Applying it to practice will remain to be a problem in the long future.
